ABSTRACT. Transcription of Borna disease virus (BDV) in persistently infected MDCK (MDCK/BDV) cells increased in the fetal bovine serum free media as detected by Northern blot analysis. Especially, the amount of 1.9-kb RNA without cap formation at the 5' end and polyadenylation at the 3' end, increased as compared to other mRNA molecules of BDV. Growth arrest of MDCK/BDV cells observed in the condition of serum starvation might be important for increasing viral transcription. Since N-cadherin is the responsible factor for cellto-cell contact, MDCK/BDV cells were cultured in calcium free medium which inhibits the interaction of N-cadherin. However, inhibition of cell-to-cell contact by N-cadherin is not effective on up regulation of viral transcription. Our finding in this study indicates that enhancement of BDV transcription by serum starvation is a useful technique for further investigation in understanding of mechanisms of BDV transcription.-KEY WORDS: Borna disease virus, serum-starvation, transcription-enhancement.
Recently, we reported the inhibitory effect of ribavirin on BDV-transcription and replication in persistently BDVinfected cells [9] . On the contrary, the enhancing factors of BDV-transcriptions have to be defined for a clear view of BDV-host cell interaction. Fetal bovine serum (FBS) routinely used for tissue culture is an important factor for cell growth and also for viral multiplication. Cell growth is arrested in the medium without FBS (serum starvation) [1] . In this study, we examined the effect of serum starvation on the BDV transcription in MDCK/BDV cells. Furthermore, we also investigated the possible involvement of cell adhesion on the regulation of BDV transcription.
To examine the effect of serum starvation on BDV transcription, growing MDCK/BDV cells in Dulbecco's modified Eagle medium (Nissui) containing 10% FBS were washed with PBS and cultured in FBS-free medium. RNAs were extracted from the cells using ISOGEN (Nippon Gene) at 2, 3, 5 and 7 days. Aliquots of 5 µg of total RNA were fractionated on 1% agarose gel and transferred to nylon membranes, Hybond N+ (Amersham, UK). The prehybridized membranes were then hybridized with RNA * CORRESPONDENCE TO: TAKASHIMA, I., Laboratory of Public Health, Department of Environmental Veterinary Sciences, Graduate School of Veterinary Medicine, Hokkaido University, Kita-ku, Kita-18, Nishi-9, Sapporo 060-0818, Japan. Borna disease virus (BDV) has been characterized as a nonsegmented negative-stranded RNA virus [3, 5] of which replication and transcription take place at a nuclear site [4] . BDV mRNAs are transcribed from a negative-stranded (genomic) RNA, containing at least six open reading frames encoding proteins of 40 kDa (p40), 23 kDa (p24), 10 kDa (p10), 16 kDa (gp18), 57 kDa (G) and 190 kDa (Pol.) [3, 5, 13, 14, 16] . Borna disease in horses has been known as a chronic encephalomyelitis endemic in Germany and several other European countries [7] . Natural infection of BDV has been reported in sheep, cattle, cats, rabbits and ostriches [11] . The possible relationship between BDV infection and human psychiatric disorders has been reported [2, 6] . However, the pathogenetic mechanism has yet to be elucidated to explain the disease process of the encephalitis and psychiatric disorders associated with BDV infection. The regulation of the BDV transcription and replication is crucial for virus-host cell interaction. The information of such regulation may give a clue to explain the pathogenetic process of BDV-related disorders. Figure 1 shows a transcription map of BDV from previous reports [3, 5, 12] . At the p24 containing region, two mRNAs (0.8-kb and 3.5-kb) are reportedly transcribed. Both of the mRNAs have cap formation at the 5' end and are polyadenylated at the 3' end. At the p40 containing region, one mRNA (1.2-kb) is transcribed. 1.9-kb RNA corresponding to both p24 and p40 coding regions is different from other mRNAs. The 1.9-kb RNA is neither capped at the 5' end nor polyadenylated at the 3' end [12] . Therefore, the 1.9-kb RNA may not be translated in the cells, and the significance of transcription of this RNA in BDV-infected cells is yet unclear.
probes for detection of p40-, p24-RNAs and genomic RNA. The RNA probes were prepared by labeling with digoxigenin (DIG)-11-dUTP using the T7 or T3 RNA transcriptase system (Boehringer Mannheim, Germany) from the cDNA of BDV-p24 and p40. The procedure to prepare the cDNA of p40 was described previously [9] , while that of p24 was constructed by insertion of p24 PCR product [10] into pBluescript II. Signals were detected by the DIG luminescent detection kit (Boehringer Mannheim, Germany) according to the manufacturer's instructions.
After MDCK/BDV cells were cultured under serum starvation conditions, the p24 (0.8-kb mRNA) and p40 (1.2-kb mRNA) transcripts increased ( Figs. 2A and B) . Similarly, both the full-length (8.9-kb) genomic and antigenomic RNAs were detected (Figs. 2A, B and C, lane 3 and 4). Although the 1.9-kb RNA was maintained at a low level in growing MDCK/BDV cells, a level similar to lane 1 of Figs. 2A and B, the amount of this RNA species increased greatly under the condition of serum starvation ( Figs. 2A and B) . This result suggested that a large quantity of 1.9-kb transcription accompanies viral replication in MDCK/BDV cells.
BDV-transcripts also increased after MDCK/BDV cells became confluent in the medium with FBS (data not shown). Therefore, the cell-to-cell contact under the cell conditions of both serum starvation and confluency might be important for increasing activity of viral transcription. If so, the viral transcriptional level might decrease by interference of cellto-cell contact. Since calcium is needed for adhesion of N-cadherins [15] , calcium-free medium was used for inhibition of cell adhesion. After MDCK/BDV cells were cultured with serum/calcium-free medium (Gibco BRL, U.S.A.) or serum-free medium for 2, 4 and 5 days, RNAs were analyzed by Northern blot analysis (Fig. 3) . At 5 days, MDCK/BDV cells in both media were not yet confluent. Cells in the serum/calcium-free medium showed clear borders, indicating inhibition of cell adhesion, as compared to cells in serum-free medium (data not shown).
There was no appreciable difference in the amount of three transcripts, 0.8-kb, 1.9-kb and 3.5-kb, and the amount of these viral transcripts increased. This result indicated that cell-to-cell contact by N-cadherin is not effective for up regulation of viral transcription and a stationary state of MDCK/BDV cells was important for increasing BDV transcription. After the growth of MDCK/BDV cells were arrested in serum/calcium-free medium for 4 days, the MDCK/BDV cells grew again by changing to a medium containing FBS for 2 days. Northern blot analysis showed that the level of RNA transcription of BDV in growing cells returned close to the low steady state level (Fig. 4, lane 3 and Fig. 2B, lane  1) . This result indicated that BDV-transcription was downregulated in growing MDCK/BDV cells. If transcriptional speed of BDV is slower than dividing speed of MDCK/ BDV cells, BDV should be diluted out of the MDCK/BDV cells after many passages. However, BDV transcripts are maintained at a low steady state level in growing cells, suggesting that there is a mechanism in growing MDCK/ BDV cells which regulates BDV transcription and replication at this low steady state.
In this study, we found that the 1.9-kb RNA increased at higher levels as compared to other transcripts such as 0.8-kb and 1.2-kb mRNAs under the culture condition of serum starvation in MDCK/BDV cells, suggesting that the 1.9-kb RNA is easily transcribed in the stationary phase of the cells. Most of BDV mRNA synthesis except 1.9-kb RNA is initiated at S1, S2 and S3 sites and usually terminated at T1, T2 and T3 sites (Fig. 1) . On the other hand, the 1.9-kb RNA synthesis is initiated at the extreme 3' end not at the S1 site of the genomic RNA [12] . Thus, the 1.9-kb RNA should be distinguished from other mRNAs of BDV and might be one of the anti-subgenomic RNA species which is used as a template for genomic RNA synthesis. However, we could not detect the 1.9-kb sized genomic RNA by Northern blot analysis (Fig. 2C) . Both the 1.9-kb RNA and full-length anti-genomic RNA increased at the same time (Fig. 2) , suggesting that the 1.9-kb RNA is a product resulting from a defect of BDV RNA polymerase during synthesis of full-length anti-genomic RNA at the T2 termination site. These results also suggested that the T2 termination site interrupts the progress of transcription stronger than at other termination sites. The culture system of serum starvation is useful for further analysis of mechanisms of BDV transcription and replication. 
